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The topic of the project, ‘Transmission of Renewable Energy’ involved the study of available renewable sources and various transmission strategies. Renewable energy which is plentiful in certain areas could possibly be too scarce to exploit in certain other places. Due to the site dependency of these energy sources, studies had to be done to determine which energy source was applicable and where. 





Since energy from renewable sources could be converted into different usable forms like gas, electricity and hydrogen, investigations into the conversion efficiencies and feasibility of implementation was carried out. Also for the transmission strategies, in the case of transmitting electrical energy, there were many associated problems/challenges at the different levels considered in the UK for National, Regional and Site specific. 
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Having studied the renewable energy sources, the various forms of useful energy and the different transmission levels, the group had decided to focus on the transmission of renewable energy at the local level, specifically to be used within the building environment. It was felt that the group’s interest in this particular area would clear the path to develop a meaningful contribution as the project deliverable.





The specific challenges which the group had undertaken was to develop a means of quantifying  the amount of renewable energy which could be exploited to match the demand of buildings or a group of buildings. This exercise was conducted through a decision support tool (DST) designed by the group called Renewable Energy Integrated Simulator REIS. Knowing some basic information about the potential site for implementing this program, the user would be able to know if and how much the usage of Renewable Energy would effect his current demand profile. The output from REIS would be in the form of graphs of supply and demand for daily, monthly or yearly time frames of half hourly data.





A group of buildings within the University of Strathclyde campus was used as a case study to test the robustness of the DST. The results from this study had clearly indicated that the contribution from the renewable energy source was not enough to satisfy the demand profile for the group of buildings. Eventhough the demand was not completely matched, the DST had proven to successfully use the available data to provide the user with valuable information. On the whole, the DST is a rules based system which could be used to obtain fairly accurate preliminary information to be used with more specific programs or as a planning tool for future development in the field of transmission of renewable energy within the built environment.


















































Renewable sources








The renewable sources which were available to exploit and from which some form studies and experiments have been performed were Wind, Wave, Solar, Tidal, Geothermal, Ocean Thermal Energy Conversion (OTEC) Hydroelectric and Biomass/Fuel. Each or a group of these renewable source were found feasible at different categories of application. Considering the National, Regional and Site Specific categories, a literature review had helped identify facts and implementation challenges for the renewable sources. An analysis of the renewable options was performed via a rating system. For the different levels of applicability, the renewable sources were given scores ( 1 - 3 ; the lower score being the most preferable). The sum of all these scores for the categories being rated was hoped to closely represent how well these sources would perform at either one level.





The six categories being rated were, Economics, Legislative, Environmental, Technical, Logistical and Social.


As for the site specific application it was found that there were 4 renewable sources which would best suit this level. They were, Wind, Solar-PVs, MicroHydro and Landfill Gas. Further investigation was also necessary in order to customize it and make a sensible choice for a particular application. In the case of building environments within the city center boundaries, Micro Hydro and Landfill Gas had to be called off which left the renewable sources to Wind(Small/ducted wind turbines) and Solar Power (PV).





To ensure that all renewable sources were being taken into account, Combine Heat  and Power (CHP) plants was also considered for application in the building environment. CHP is arguably a renewable source but from the point of view of utilizing waste heat which is always present when the plant is in operation, it can be and will be seen as a renewable energy source.





The other issue which was investigated was the various forms of useful energy which could be converted and transmitted from renewable energy sources. The primary stage of energy conversion based on the renewable sources studied consists of Electricity, Heat, Gas, Oil and Compressed Air. They could then be converted to secondary products of Water, Hydrogen, Heat and Electricity. Ammonia and Fuel Cells could also be introduced as tertiary products. All the variation in products however is not as simple as it looks. There are various factors like efficiencies of conversion, storage facilities and economic feasibility which has to be taken into account. Having examined the options for the end-usage, it was determined that the focusing on electrical energy would be the most applicable especially for the building environment.
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Rating System 
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The renewable sources were analysed based on 6 criterias and rated by a 3-point rating system. The total score was then compared between the renewable sources.





Rating Scores 





Capital Cost (£/kW Installed) : (1:less£200/kw, 2:less£4000/kW, 3: Greater£4000/kW)


Availability of Capital : (1:readily available,2:available with difficulty,3:Impossible)


Subsidies (NFFO,SRO,Other) : (1:subsidy available, 2:no subsidy)


Generation Cost(p/kWhr) : (1:3-4p/kW, 2:4-6p/kW, 3:greater than 6p/kW)


Transmission Cost(peak p/kwh/km) : (1:0-3 p/kW, 2:3-4p/kW, 3: greater than 4p/kW) 


Payback Amount (8%,20yrs)/yr : (1: less£100k, 2:less£200k, 3:less£300k)





Commercial viability : (1: yes, 3: no)


Social Acceptance : (1: yes, 3: no)


Tourist Attraction : (1: yes, 3: no)


Benfit to Local Economy : (1: yes, 3: no)


Job Loss/Creation : (1: j.creation, 2:j.loss+creation, 3: j.loss)








Emmissions (COx, Nox, Sox) : (1: nne, 2: less than oil, 3:less than coal)


Ecological effects : (1:none, 2: some, 3:a lot)


Visual Impact (miles) -noticable from  :  (1:5-10, 2: 10-20, 3: more than 20)


Noise Pollution : (1: quite(500m), 3: noisy(500m)


Safety : (1: safe, 3: dangerous)


Traffic : (1: minimal, 3: considerable)





Site : (1: accesible(ideal), 3:inaccesible(but feasible))


Source : (1:constant, 2:fairly constant, 3: irregular)


Means of transmission : (1:established (elec/gas), 3:futureristic-hydrogen)


Demand-Supply Matching : (1: easily matched, 3: Difficult to match)


Storage : (1: none required, 2: required)


Startup-commissioning : (1:less1yr, 2:less5rs, 3: more5yrs.)





Planning Permission : (1:easily obtainable, 3:difficult)


Opposition Groupe : (1:minimal, 3:riotous)


Does private benefit industry : (1: yes, 3: no)


Favourable EU directive : (1: yes, 3: no)


Favourable Govt. Support : (1: yes, 3: no)


Contribution to Kyoto Objectives : (1: yes, 3: no)





Ease of installation : (1: yes, 3: no)


Generation Losses : (1: low, 2:medium, 3:high)


Transmission Losses : (1: low, 2:medium, 3:high)


Maintenance Reqts : (1:minimal, 3 extensive)


Operational Reqts : (1:minimal, 3:extensive)


Amount of Supply Required : (1:ideal amount, 3:amount +xs capacity)


Reliability : (1:reliable, 2: fairly reliable, 3:irregular)














Transmission Strategies
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Transmission of energy in the form of electricity and gas have been around for a long time and they usually involve 3 basic levels of transmission, National, Regional and Site Specific. However, the transmission of electricity from renewable sources is relatively new and especially when it involves connecting  renewable sources to an existing grid, several factors have to be taken into account. These factors are challenges which needs to be addressed before transmission and connections could be established.





Whether the transmission is at the National, Regional or Site specific level, the challenges faced could either be repetative or unique to one particular level.
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Starting from the point of conversion (Renewable Energy to Electricity) there are several options of generators to chose from, each having its own advantage/disadvantge. In the wind turbine example, Synchrounous generators offer flexible operating frequencies, efficient and cheap. DC generators are suitable for local applications and have low terminal voltages but have problems of flashover of commutator at overspeeds. The Induction generator on the other hand, is cheap and robust but they have low efficiencies and have problems with stability and controls.





Looking at the transmission at site specific levels, some of the challenges which are quite common are Storage, Controls, General Compatibility, Voltage Variations with possible Flickering Effects, Voltage Asymmetries, Harmonics, Interharmonics and Dicturbance Emmissions. Measures taken to compensate these power electronic problems involved installing Phase shifters, Grid Filters, Compensation Units, Grid Controller and Line/Forced Commutated Converters. The Storage could be overcome by the use of batteries or even flywheel technology.





Equally as important in the transmission of renewable energy are other factors not directly related to power electronics like the Supply and Demand Matching and Social and Environmental  Implications. 




















Demand Reduction Measures





REIS





Case Studies





Sustainability and Renewable Energy





Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs. It contains within it two key concepts: the concept of "needs", in particular the essential needs of the world's poor, to which overriding priority should be given; and the idea of limitations imposed by the state of technology and social organization on the environment's ability to meet present and future needs." Thus the goals of economic and social development must be defined in terms of sustainability in all countries --


developed or developing, market-oriented or centrally planned. Interpretations will vary, but must share certain general features and must flow from a consensus on the basic concept of sustainable development and on a broad 





Ecological sustainability is a simple concept. It is the degree to which present interactions between human society and nature will be adaptive over the long term, or lead to environmental or ecological degradation in terms that are important to individuals and society. Answering this basic question for specific cases will be difficult, and few definitive answers presently exist. 





Ultimately society must decide what end result is desired from our use and management of ecosystem resources. The definition of sustainability must therefore be qualified by human values because that is the filter through which we see the world. Part of assessing sustainability must be to weigh human values, both individual and collective, against predictable outcomes of human action, and possibly to affect those values through better understanding.





The following objectives should be achieved as soon as practicable: 





(a) To incorporate demographic trends and factors in the global analysis of environment and development issues; (b) To develop a better understanding of the relationships among demographic dynamics, technology, cultural behaviour,natural resources and life support systems; (c) To assess human vulnerability in ecologically sensitive areas and centres of population to determine the priorities for action at all levels, taking full account of community defined needs.














‘The world is finally becoming globally aware that


    exponential resource usage in combination with finite


  reserves is a recipe that ensures our great grandchildren


                                    won't be born.’ quote....





